Pure and silver added zinc oxide nanoparticles (ZnO-NPs and ZnO:Ag-NPs) were synthesized through a modified sol-gel method. The prepared samples were characterized using X-ray diffraction (XRD), transmission electron microscopy (TEM) and photoluminescence (PL) spectroscopy. In the XRD patterns, silver diffracted peaks were also observed for the samples synthesized at different calcination temperatures of 500 • C, 700 • C, 900 • C except 1100 • C, in addition to ZnO. TEM images indicated that the average size of ZnO:Ag-NPs increases with the amount of Ag concentration. The PL spectra of the samples revealed that the increase of Ag concentration results in the increase of the visible emission intensity, whereas by increasing the calcination temperature the intensity of visible emission of the samples decreases.
Introduction
Zinc oxide (ZnO) is a susceptible material that carries several unique properties, including semiconducting and piezoelectric behaviors.
1 Nowadays, it is used widely in variety of applications such as fabricating sensors and actuators, transparent conductive coating, electrodes for dye-sensitized solar cells, 2,3 gas sensors, 4 and as electro and photoluminescent materials. 5 Moreover, ZnO has been employed extensively as a cheap and nontoxic material for medical applications. 6 In the nanosized structure range, ZnO has proved to own remarkable physical and chemical properties, different from its bulk. 7 Several methods have been used to prepare ZnO nanostructures and nanoparticles such as: sonochemical, 8 oxidation process, 9 solgel, 10-12 polymerization, 13 precipitation, 14, 15 solvothermal and hydrothermal, 16 CVD, 17 laser ablation 18 and gel combustion. 19 Among these methods, sol-gel is rather a simple approach that has been employed extensively to synthesize pure zinc oxide nanoparticles (ZnO-NPs). One of the most important issues regarding this method is to achieve nanoparticles with a narrow size distribution. Using a suitable stabilizer and polymerization agent is one of the tracks to control the size and morphology of the final products. Polyethylene glycol (PEG) 20 [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] In this work, a modified sol-gel method was performed to synthesize pure ZnO-NPs and silver-added zinc oxide nanoparticles (ZnO:Ag-NPs) at different calcination temperatures and silver concentrations, using gelatin as a polymerization and stabilizer agent. The effects of silver concentration and calcination temperature on size, morphology and crystallinity as well as the optical properties of the synthesized samples were investigated.
Materials and Method
For the synthesis 5 g of the final product (ZnO and ZnO:Ag powders), a solution of gelatin (type B from bovine skin, Sigma Aldrich) was first prepared by dissolving 10 g gelatin in 150 ml deionized water at 60 
There are negative sides in the gelatin chains which attract the Zn 2+ and Ag atoms get oxidized to ZnO-NPs. The pure ZnO-NPs and ZnO:Ag-NPs were finally produced by calcinating the resins at different temperatures of 500
and 1100
• C.
Results and Discussion

X-ray diffraction analysis
For the pure gel, the lowest needed calcination temperature was found to be 500
The X-ray diffraction (XRD) pattern of the prepared powder at this temperature confirmed the formation of ZnO wurtzite structure. The prepared pure and Agadded gels were then calcined at 500
• C, 700
• C, 900
• C and 1100
The XRD patterns of the gels calcined at 500
• C are presented in Fig. 2 . All the peaks indexed ZnO in the XRD patterns corresponding to the JCPDS003-0888. In addition to ZnO, some other diffraction peaks are also observed, which are attributed to the cubic structure of Ag atoms (JCPDS 001-1167). Therefore, it seems that the Ag atoms have kept their metallic phase and did not diffuse into ZnO lattice at this temperature. The intensity of the diffraction peaks of the metallic Ag increases as the result of increasing Ag concentration. Hence, it can be concluded that the ZnO and Ag structures have grown independently. In order to help the Ag atoms to diffuse in the ZnO matrix, the calcination temperature was increased to 700
• C and 1100 • C. Figure 3 illustrates the XRD patterns of the pure and Ag-added gels calcined at 1100 • C, in which no silver peaks can be observed for 1% and 3% Ag concentrations. However, Ag peaks can still be detected in the XRD pattern of ZnO:5%Ag-NPs, at about 2θ = 38
• .
The XRD patterns of ZnO:1%Ag-NPs calcined at 500 • C, 700
• C are shown in Fig. 4 . As it can be observed, the diffracted peaks related to Ag are present in the samples calcined at 500
• C and 900
• C, but disappears at 1100
• C calcination temperature. This reveals that Ag atoms may have diffused in ZnO matrix. Energy dispersive X-ray analysis of ZnO:1%Ag-NPs calcined at 1100 • C confirmed the presence of Ag atoms in ZnO lattice which is in agreement with the XRD results, Fig. 5 . Figure 6 shows the XRD patterns of (a) ZnO-NPs calcined at different temperatures of 500
• C, 700 with different Ag concentrations of 1%, 3% and 5%, calcined at 500
• C and (c) pure
ZnO-NPs and ZnO:Ag-NPs with different Ag concentrations of 1%, 3% and 5%, calcined at 1100 • C, in the range of 2θ = 35
• -39
The value of the FWHM, shown in Fig. 6(a) , was used to estimate the crystallite size of the prepared samples. For ZnO samples, increasing the calcination temperature reduces this value. However, this reduction is negligible for the Ag-added samples calcined at 500
• C with different Ag concentrations, mentioned earlier. However, as it is observed in Fig. 6(c) , when the calcination temperature is raised to 1100 • C, the majority of Ag atoms diffuse into the ZnO matrix.
Therefore, the increase of Ag concentration affects the FWHM of the presented peaks. These observations prove that Ag and ZnO crystallites grow independently at low calcination temperatures. The (101) peak was selected to calculate the crystallite size of the samples, using Scherrer's formula, Eq. (2):
where K is the shape factor equal to 0.98 and β is the FWHM of the peaks which were used in our calculation. The results reveal that the crystallite size of the ZnONPs has increased slightly by adding silver to the system, as presented in Table 1 . However, this is more significant at higher calcination temperatures.
Morphology study
The transmission electron microscopy (TEM) image of pure ZnO-NPs calcined at 500 • C and its corresponding size distribution diagram are shown in Fig. 7 , which illustrates the rather nanospherical shape of the particles with the average size of 30 nm. In order to see the effect of silver concentration on the particle size of the synthesized nanopowders calcined at 700
• C, the TEM images are given in Fig. 8 .
It is found out that the average particle size of the Ag-added samples are 63, 78 and 88 nm for 1%, 3% and 5% Ag concentration, respectively. It has been shown that some metals such as Au and Pt play as catalyst for growing ZnO crystals.
18
So, by adding Ag atoms into ZnO matrix, one expects to attain bigger ZnO-NPs, which is in good agreement with our results. Figure 9 shows the room temperature photoluminescence (PL) spectra of pure and Ag-added ZnO-NPs synthesized at 500 • C. The dominant peaks of all samples are mostly in the visible region, due to the presence of oxygen vacancies and defects.
Photoluminescence spectroscopy
33
The enlarged image of PL, in the range of 350-450 nm wavelengths, shows that there are no UV emission peaks for the pure ZnO, while observed for the Ag-added samples. It is seen that the intensity of these peaks have increased by increasing the Ag concentration. This confirms that Ag and ZnO structures have been formed separately, in agreement with the XRD results. Therefore, both Ag and ZnO emission peaks exist in the PL spectra. From the literature, it has been reported that there are two distinct emission peaks for Ag which are located in the UV and visible regions. 34 So, in UV region similar to visible, intensity of the peaks have increased by the increase of Ag concentration. The PL spectra of 1% ZnO:Ag-NPs calcined at different temperatures are given in Fig. 10 . It is observed that the intensity of the visible emission of the PL spectrum has decreased with the increase of the calcination temperature. In the UV region, similar intensity decrease attributed to Ag crystals occurs and interestingly reaches zero for 1% Ag-added ZnO-NPs calcined at 1100 • C. Now, the question is "what happened to Ag atoms?" To find the answer, EDX was carried out for Ag-added sample calcined at 1100
• C. The result showed that Ag atoms are present in the ZnO matrix (Fig. 5) . Furthermore, as it was mentioned earlier, no other peaks related to Ag lattice was detected in the XRD pattern of this sample. Therefore, from XRD, PL and EDX observations it can be concluded that the Ag atoms have been doped into the ZnO lattice structure at 1100
• C which results in the formation of Zn (1−x) Ag x O. 
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The emission enhancement in ZnO/Ag 2 O can be explained through the interaction between the Ag 2 O-NPs and the surface defects of the matrix, which changes the defect structures, results in the passivation of deep defect activities. The reduction of surface defects increases the number of energetic electrons in the conduction band, which recombine with the holes in the valence band leading to the enhancement of the near band-edge emission. 
Conclusion
ZnO and ZnO:Ag nanoparticles were synthesized by a modified sol-gel method and the effects of silver concentration and calcination temperature on the structural and optical properties of the prepared samples were investigated. It was found that the lowest needed calcination temperature for the formation of ZnO wurtzite structure is 500
• C. In order to investigate the effect of calcination temperature on the structural and optical properties of the prepared samples, the pure and Ag-added gels were calcined at higher temperatures of 700 • C, 900
The XRD results revealed that ZnO and Ag nanocrystallites grow independently at calcination temperatures lower than 1100 • C. Silver diffraction peaks were not detected in the XRD patterns of ZnO:1%Ag calcined at 1100 • C. Moreover, the result obtained from EDX confirmed the existence of Ag atoms in the prepared sample at this temperature, indicating that ZnO lattice has been doped by Ag atoms. TEM images showed that the average particle size of pure ZnO-NPs calcined at 500
• C is 30 nm. For 1%, 3% and 5% silver concentrations the average particle size of the ZnO:Ag particles calcined at 700 • C were found to be 63, 78 and 88 nm, respectively. The room temperature PL spectra revealed that the emission peaks are mostly located in the visible region. However, for the pure ZnO and ZnO:1%Ag there is no peak in UV region. Therefore, it can be concluded that the Ag atoms were doped into ZnO lattice calcined at 1100 • C.
